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Does cigarette smoke have effects on the macrophage-mediated clearance of asbestos? 
A review of published data on experimental/toxicological investigations 


1 Introduction 

Occupational exposure to asbestos has been associated with 3 different respiratory diseases, 
namely asbestosis (interstitial fibrosis), mesothelioma and lung (bronchogenic) carcinoma, it is 
believed that the induction of lung carcinoma by asbestos can be influenced by smoking. 
However, the nature of interaction between smoking and occupational asbestos exposure is 
controversial (Steenland and Thun, 1986). Oberdorster (1989) proposed a hypothesis that 
smoking impairs the alveolar macrophage-mediated clearance of asbestos in the 
alveolar/interstitial lung region, thus increasing the dose of asbestos. This essay discusses 
results from investigations in human lung, animal models, and in vitro studies (toxicological 
studies), thus excluding epidemiological studies, on whether or not cigarette smoke has effects 
on the macrophage-mediated clearance of asbestos in the alveolar/interstitial lung region 
(mucociliary clearance in the trachea is considered not to be related with asbestos-induced lung 
carcinoma). 


2 Human data 

There is only 1 publication found in the literature (Churg and Stevens, 1995), which investigated 
whether smoke increases the retention of asbestos in human. In this recent autopsy study the 
number of asbestos fibers (amosite, tremolite, and chrysotile) per gram of airways dry tissue 
was determined and compared between male asbestos workers who were smokers with those 
who were never smokers. Furthermore, the fiber sizes (geometric mean length (micrometer): 
Amosite: between 3.3 and 8.4; tremolite: between 2.6 and 4.3; chrysotile: between 1.8 and 7.2) 
were also measured. 

The results presented by the authors were: 

• The concentration of amosite and chrysotile in airway mucosa was higher in smokers than 
that in nonsmokers. The concentration of amosite was higher by 6-fold and the 
concentration of chrysotile was higher by 50-fold. 

• There was no statistically significant difference in the concentration of tremolite between 
the 2 groups. 

• The fibers of all three types of asbestos recovered from the airway mucosa or parenchyma 
of smokers were shorter than fibers recovered from nonsmokers. 


The authors interpreted that the findings indicatet that cigarette smoking caused enhanced 
accumulation/retention of both amosite and chrysotile in the airway mucosa. Furthermore, 
cigarette smoke lead to retention of shorter fibers. 
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However, this study had many problems. 

1. The number of subjects examined was small, i.e.,only 6 nonsmokers and 6 smokers. Thus, 
although the study observed a 6-fold and 50-fold increase in number of fibers, the RSD for 
the mean number was very high, i.e. between 130 and 280%. 

2. The smoking/nonsmoking status was not ascertained. 

3. The major problem in the interpretation of the findings is that this study was heavily 
confounded by the different distribution of diseases in the nonsmoker and the smoker 
groups. Thus, all 6 of the nonsmokers had mesotheliomas; by contrast, only 2 of the 
smokers had mesotheliomas, the remaining 4 had lung cancers. Because, there seems to 
be an association between fiber burden and patterns of asbestos-related disease {Churg 
and Vedal, 1994), it is possible that the asbestos exposure was not comparable for cases 
and controls. 

4. A particular problem arised in the selection of the controls and cases because the controls 
were subjects from a previous study (Churg and Stevens, 1993). Thus, the results of the 
asbestos determination in the lung for controls were already known at the time cases were 
chosen for the study. Furthermore, because the actual exposure levels for controls and 
cases were unknown, mean lung parenchymal amosite concentration was taken as a 
surrogate for the exposure level; with the assumption that smoke did not affect the 
parenchymal amosite concentration. This means that at the time the cases were chosen the 
results of the asbestos determination in the lung also for cases was already known. In any 
autopsy study, the 1 st question that must be asked is whether there has been selection 
bias, and if so, whether the results may have been influenced ( Case and Dufresns, 1997). 
The design of this autopsy study (Churg and Stevens, 1995) promoted the occurrence of a 
selection bias. 

5. The length of the crysotile fibers found in the airways of smokers was not consistent with 
occupational exposure. Short fibers as found here are more typical of crysotile fibers seen 
in the general population (Churg and Wiggs, 1986). It could not be excluded that the 
increased crysotile fiber burden seen in the airway of the smoking subjects actually 
reflected the enhanced exposure to environmental fibers derived from ambient air. Since 
there were also urban/rural differences with respect to smoking patterns (Hennekens and 
Buring, 1987), confounding by differences in place of residence between cases and controls 
could be an explanation for these study findings. 

6. The design of the study did not permit the investigation of asbestos retention/clearance, 
because data on the number of years since last asbestos exposure were missing. 
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3 Animal data 


Four full papers (McFadden et al., 1986a and 1986b; Churg et al., 1987 and 1992a) and one 
poster abstract (Churg et al., 1992b), which investigated the possible influence of cigarette 
smoke on the deposition/retention and phagocytosis of asbestos in animal lung tissue, were 
found in the literature. (Remarks: Wehner et ai., (1975) investigated the carcinogenicity in 
hamsters after chronic inhalation of asbestos and cigarette smoke. Clearance was not 
investigated) These publications, ail using guines pigs, were performed by the Churg’s group in 
Vancouver, Canada. 

In this series of publications the authors claimed that: 

• cigarette smoke increases the number of short asbestos fibers in macrophages and lung 
tissue, 

• cigarette smoke increases the penetration of asbestos fibers into airway walls, 

• cigarette smoke increases the number of asbestos fibers per macrophage, 

• cigarette smoke increases the number of phagocyting macrophages. 

However, these studies have many problems. 

• The major critic is that asbestos was administered to the guinea pigs by means of a 
nonphysiological tracheal instillation method. This method has certain disadvantages. 
Pritchard et al. (1985) showed that the distribution of particles following tracheal instillation 
was very inhomogenous, with the periphery of the lung receiving little or no particles. Thus, 
alveolar macrophages at the periphery of the lung were shown to be unaffected, while those 
near the major airway were grossly overloaded. Because of this accumulation of particles 
around the major airways, it is important to limit the dose to avoid obstructional atelectasis . 
It was recommended that the dose of asbestos should not exceed 0.6 mg per gram lung 
(Pritchard et al., 1985). However, the dose used in those experiments were 15 mg per 
guinea pig weighing 400 g, which is equal to 5 mg per g lung (i.e., overdosed by a factor of 
8.3) (A 400 g guinea pig has a 3 g of lung (Cooper and Schiller, 1975)). Thus there might be 
a clearance artefact arising from the inhomogenous distribution of asbestos in the lung and 
overdose. 

• Because the method used only 3 lavages rather than 10-15 lavages, it did not produce 
complete yield of macrophages. 

• Total asbestos fibers in alveolar spaces were not counted. Hence, the sum of asbestos 
fibers in macrophages plus in lung tissue did not represent the total asbestos fibers burden. 

• The experiments lacked an appropriate control group, i.e. nor asbestos neither smoke 
exposed control group. Thus, it is not known whether or not the number of macrophages in 
asbestos treated animals was increased or decreased compared to control. Furthermore, it 
is also not known whether smoke further increased the number of macrophages or restored 
the control situation. 
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4 in Vitro Study 

Published in vitro studies found in the literature used rat tracheal explants. The method does 
not permit the investigation of macrophage-mediated clearance, which takes place in the 
alveolar/intestitial region of the lung. The in vitro studies using rat tracheal explants were 
targeted on the possible influence of cigarette smoke on the uptake/penetration of asbestos 
fibers. Only 3 studies were found; all were conducted by Churg’s group (Hobson et al., 1988; 
Churg et al., 1989; Churg et al., 1990). Using cultures of rat tracheal expiants the authors 
claimed that explants first exposed to cigarette smoke and then to asbestos take up more 
asbestos fibers than expiants exposed to air and then to asbestos. The enhanced fiber uptake 
effects caused by cigarette smoke could be abolished by catalase and superoxide dismutase, 
and by the iron chelator deferoxamine as well. Catalase and superoxide dismutase are 
scavengers of active oxygen species. Heat inactivated catalase or superoxide dismutase was 
not protective. Deferoxamine prevents formation of hydroxyl radical. The smoke-mediated 
increases in fiber uptake seemed to be related to amount of smoke exposure in a dose 
response fashion. Furthermore, smoke exposure and asbestos exposure need not occur in 
close time proximity. Enhanced uptake of asbestos fibers was found even with delays up to 48 
h between smoke and asbestos exposure. Catalase will still abolish the smoke effect even with 
a 48-h delay between smoke exposure and asbestos exposure. These series of observations 
suggest that cell damage caused by active oxygen species could be responsible for the 
enhancement of fiber uptake. The effects seemed to be dose dependent and lasting for a long 
time. 


5 Summary 

There are only few publications investigating the possible effects of cigarette smoke on the lung 
clearance of asbestos. Only 1 study investigated human lung, 4 publications reported a series 
of results with guinea pigs, and 3 in vitro studies employed rat tracheal explants. It is 
noteworthy that all studies were performed by 1 group (A. Churg from the University of British 
Columbia, Department of Pathology, Canada). 

In airway mucosa of asbestos workers who smoked the amosite and chrysotile concentration 
(gr/dry tissue) was found to be elevated (by approximately 6-fold and 50-fold, respectively) as 
compared with that of nonsmoker asbestos workers. Fibers found in the airways of smokers 
were shorter than those in nonsmokers. However, the interpretation of the data is seriously 
hampered by: (1) low number of subjects, i.e., only 6 smokers vs 6 nonsmokers, (2) no 
ascertainment of the smoking/nonsmoking status, (3) actual exposure levels, years of 
exposure, and years since last exposure (thus accounting for both total exposure and fiber 
clearance) were not known or missing, (4) different distribution of diseases in the smokers and 
nonsmokers, (5) selection bias in this autopsy study could not be excluded, and (6) the size of 
chrysotile fibers found in the asbestos workers who smoked were more typical of those seen in 
the general population. 
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The relevance of the guinea pig model for clearance study is under question because the 
asbestos was administered by a nonphysiological tracheal instillation method. In general, 
instillation is not appropriate for studies of the deposition and clearance of particles, e.g., of 
quartz, titanoxide, cellulose fibers in rats (Henderson et al., 1995; Tatrai, E., personal 
communication). Furthermore, the dose levels were very high. The results cannot be interpreted 
as an impairment of asbestos-mediated clearance by cigarette smoke, as the number of 
asbestos phagocyted by macrophages and the number of phagocyting macrophages were 
increased after smoke exposure. 

The in vitro study using rat tracheal segment in culture could not investigate macrophage- 
mediated-clearance of asbestos. 


6 Bottom line 

The results of the investigations in human lung and in guinea pig model found in the literature 
are not sufficient to support the hypothesis that cigarette smoke impairs the macrophage- 
mediated clearance of asbestos in the iung. 
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Table 1: Animal study 


AUTHOR 

SPECIES 

TEST SUBSTANCE, 

ADMINISTRATION, 

DURATION 

ASSAY 

RESULTS 

Churg et al., 1987 

guinea pig 

asbestos: instillation, 
single exposure 

cig. smoke: inhalation, 1 
day, 7 day, 1 month 

fiber cone, in lung tissue, 
numbers of fibers associated 
with lavaged macrophages, 
fiber sizes 

smoke-exposed animals had 
greater numbers of fibers in 
lung tissue by 1 month; fiber 
concentrations in 
macrophages and total 
number of fibers in 
macrophages were higher in 
smoke-exposed animals; 
smoking did not change the 
sizes of fibers in 
macrophages and did not 
depress phagocytosis 

Churg etal., 1992 

guinea pig 

asbestos: instillation, 
single exposure, short 
fiber, long fiber 

cig. smoke: inhalation, 
head only, 1 day, 1 
week, 1 month 

fiber cone, in lung tissue, 
numbers of fibers associated 
with lavaged macrophages, 
fiber sizes 

smoke-exposed animals had 
greater numbers of fibers in 
lung tissue by 1 month; 
Greater number of 
macrophages were 
recovered from smoke- 
exposed animals; fiber size 
dependent and time 
dependent phagocytosis of 
fibers 

McFadden et al., 
1986a 

guinea pig 

asbestos: instillation, 
single exposure, 

cig. smoke: inhalation, 
head only, "pre-smoked" 
-2 week, “post-smokecT 

1 week, 1 month 

fiber cone, in lung tissue, fiber 
sizes 

between 1 week and 1 
month the number of 
asbestos fibers in lung 
tissue of nonsmoked 
animals decreased, whereas 
both smoke-exposed groups 
did not show a decrease; 
Over this time period, the 
mean length of fibers 
increased in nonsmoked 
animais but decreased in 
both smoked exposed 
groups 

McFadden et al., 
1986b 

guinea pig 

asbestos: instillation, 
single exposure 

cig. smoke: inhalation, 
head only, 1 week, 1 
month 

fiber cone, in airway wall and 
epithelium 

In both smoke-exposed and 
nonexposed groups, 
numbers of fibers per area of 
airway wall increased from 1 
week to 1 month; At each 
time period, smoke-exposed 
animals had higher number 
of fibers in the airway walls. 
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Table 2: In vitro study 


SPECIES ORGAN CULTURE 


ASSAY 


tracheal segment (explant); number of fibers in the 
1,3, or 7 days in culture epithelium (uptake, 
penetration) 


TEST SUBSTANCE, 
ADMINISTRATION, DURATION 

asbestos: incubation, 1 h, or 24 h 

cig. smoke: chamber, fresh smoke: 10 
puffs; 10 min 


REFERENCE 


Ghurg et a!., 1989 


rat 


trachea! segment (explant); number of libers in the asbestos: incubation, 1 h Churg et al„ 1990 

1 week in culture epithelium (uptake, 

penetration) cig. smoke: chamber, Iresh smoke: 1,3, 

or 6 puffs; 10 min 


rat tracheal segment (explant); number of fibers in the asbestos: incubation, 1 h Hobson et ai., 1983 

24 h, 72 h, and 1 week in epithelium (uptake, 

culture penetration), proliferation cig, smoke: chamber, fresh smoke: 10 

puffs; 10 min 
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